lower trapezius, rhomboids major and minor, and levator scapulae. [3] [4] [5] Woodward procedure was the first to propose the muscle transfers. Since then, several procedures have been suggeted. 4, 6, 7 Although various surgical methods have been developed for Sprengel's deformity, there have been no studies of the type of rehabilitation exercise that should be performed to maintain and enhance the postoperative effect. In most previous studies, if the range of motion (ROM) of shoulder abduction was quantitatively restored to the full range after a surgical procedure for Sprengel's deformity, the treatment was judged to be successful and sufficient in terms of functional outcomes. 6, [8] [9] [10] [11] [12] [13] However, scapular motion related to the thorax is mainly responsible for the great mobility found in this complex. 14 Integration of the scapulohumeral rhythm makes the scapula contribute to stable base for glenohumeral movements and mobility to position the arm throughout ROM of shoulder joint. 15, 16 The altered scapular movement affect the normal movement pattern. Therefore, in clinical practice, the scapulohumeral rhythm is used as a shoulder movement quality index of the shoulder complex. 17 Sahrmann suggested that recruitment patterns changed when a faulty movement pattern was established and that alterations in optimal recruitment could result in a synergistic muscle becoming more dominant than a primary muscle. 18 As a result, the primary muscle could become weaker, and the synergistic muscle could become stronger. 18 Prolonged posture deviation could result in an abnormal movement pattern and impaired muscle performance, thereby altering muscle length, joint congruency, and soft tissue flexibility. Thus, following corrective surgery of Sprengel's deformity, qualitative evaluations and elaborate corrective exercise are required.
The present study investigated the effectiveness of an elaborate corrective exercise program on the scapulohumeral rhythm and scapular height during shoulder abduction, in addition to shoulder abductor strength, with and without restricted scapular elevation in a child after corrective surgery for Sprengel's deformity.
CASE PRESENTATION
An 8-y-old girl presented with complaints of elevation and anterior rotation of her left shoulder, bilateral shoulder asymmetry, and head rotation to the right side. Shoulder abduction and elevation were not limited. The patient lacked horizontal adduction (ROM: 38°) and internal rotation (ROM: 60°) with scapula stabilization of her left shoulder. No neurological deficits were noted, the patient's gait was normal, and she reported no pain associated with the deformity. The patient's parents first noticed the deformity when the patient was aged about 3 y. The severity of the deformity was assessed based on the four-grade system established by Cavendish 2 in September 2014, and the patient was diagnosed with Cavendish grade Ⅲ Sprengel's deformity (moderate: the shoulder joint is elevated 2-5 cm, and the deformity is clearly visible) (Figure 1 ). In April 2015, the deformity was corrected using a modification of the surgical technique designed by Woodward. After surgery, she was During the 2 y postoperatively, the patient remained well, with no changes in the appearance of her shoulders. The patient's parents noted re-elevation of her left shoulder as compared with that 2 y earlier. In the last two years, the patient had performed ordinarily activities of daily living. Furthermore, she had continued to swim twice a week for health care during last two years.
INSTRUMENTATION
The Liberty system (Pholhemus Inc., Colchester, VT, USA), an electromagnetic-based motion analysis system, was used for collecting three-dimensional kinematic data of the scapula. According to the manufacturer, the Liberty system has an accuracy of 0.8 mm and 0.15°. For measuring the scapulohumeral rhythm and scapular elevation during 80° shoulder abduction, two sensors were attached to two bony landmarks with adhesive tape: the acromial process of scapula and the lateral epicondyle of the distal humerus. The absolute axes defined by the sensor of the Liberty device were converted to anatomically defined axes derived from digitalized bony landmarks. Raw kinematic data were low-pass filtered at a 6-Hz cutoff frequency and converted into anatomically defined rotations. 19, 20 A Smart KEMA strength measurement system (KOREA-TECH Co., Ltd., Seoul, Korea) was used to measure isometric shoulder abductor strength, with and without restricted scapular elevation (3 kgf). 21 The force signals were measured to determine isometric shoulder abductor strength, and the data were transferred to a tablet (Galaxy tab A6 10.1, Samsung Inc., Seoul, Korea) via a Bluetooth connection and analyzed using Smart KEMA application software (KOREATECH Co., Ltd.).
EXPERIMENTAL PROCEDURE

Pre-and post-tests
Pre-and post-tests were administered before and 2, 4, and 6 wk after the elaborate corrective exercise program. To evaluate the quality of shoulder movement and assess scapulohumeral rhythm, the scapular upward rotation angle and scapular elevation height were measured in 80° shoulder abduction. Muscle strength was also evaluated in shoulder abductor strength, with and without restricted scapular elevation.
1) Scapulohumeral rhythm: Scapular upward rotation and scapular elevation height
Before testing the scapulohumeral rhythm, the patient was asked to perform full active abduction ROM in the frontal plane three times. The raw kinematic data were lowpass filtered at a 6-Hz cutoff frequency and converted into anatomically defined rotations. The scapular rotation angle relative to a reference was described as rotation about X (anterior tipping/posterior tipping), Z (medial rotation/lateral rotation), and Y (upward rotation/downward rotation). The scapular upward rotation angle and height of the scapular elevation were measured in the Y and Z axes, The kinematics data during 80° shoulder abduction in the frontal plane were collected before and 2, 4, and 6 wk after the elaborate corrective exercise program. The changes in kinematics were calculated for data analysis. The high reliability (ICC [2, k] = 0.91-0.99) and accuracy (less than 1.2° upward rotation standard error of measurement) of this approach have been described previously. 19, 20 2) Shoulder abductor strength, with and without restricted scapular elevation Submaximal isometric contraction of shoulder abduction was performed twice before each test. Isometric strength measurements were performed twice for 5 s under two conditions: (1) shoulder abduction and (2) shoulder abduction with restricted scapular elevation.
The strength of the shoulder abductor without restricted scapular elevation was measured at 80° during shoulder abduction in the frontal plane. A belt was attached to the distal humerus of the patient. The tension of the belt was controlled, with shoulder abduction at 80°. To measure the maximum isometric force of shoulder abduction, the patient performed shoulder abduction while pulling the belt at maximum effort for 5 s, without moving her body. 21 The value was calculated as the average of the values for 3 s among the 5 s. The mean values of two trials were used for data analysis. To avoid muscle fatigue, the patient rested for 30 s after each trial and for 2 min among conditions. 21 In addition, the strength of the shoulder abductor with restricted scapular elevation was measured at 80° during shoulder abduction in the frontal plane and restricted elevation of the patient's scapula in manual stabilization.
The strength measurements with and without restricted scapular elevation were performed in the same way.
Elaborate corrective exercise program
The child's parents received education regarding the requirements of the elaborate corrective exercise program. The program was implemented for 6 wk, with five sessions per week. Once a week, her parents were instructed to 
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ensure that the child exercised under the guidance of a physical therapist in a KEMA station. When the child performed the exercise program at home, her parents supervised her to ensure that the exercises were performed correctly. In terms of the composition of the exercise program, it involved maintaining a controlled scapular position without scapular elevation during a combination of five exercises (cross-body stretching, levator scapulae stretching, upper trapezius stretching, scapular protraction exercise, and scapular posterior tilt exercise). When performing the exercises at home, the child's parents confirmed that the scapula was moving up by palpating the superior angle of the scapula with their hands. If scapular elevation occurred, the child's parents stopped the exercise and advised the child that her shoulder bone had gone up. The child then performed the exercise again. Each exercise position was maintained for 10 s, and the exercise was repeated 10 times.
1) Cross-body stretching
Cross-body stretching was performed in a supine position. One of the parents held the child's scapula by grasping the acromion and lateral border of the scapula. 22 The child then flexed her left shoulder and elbow to 90°. She used her right hand to grasp her left elbow (stretching side) and then pulled her elbow of the left side to the right side on a transverse plane, with a relaxed stretching arm as far as possible. This position was maintained for 10 s.
2) Levator scapulae stretching
The child lay in a prone position, with her head contralaterally rotated to the left side. She held her head and then pulled it in cervical flexion with her right hand and abducted her left shoulder as much as possible, without scapular elevation. One of her parents then applied an inferolateral to the superior angle of the scapula on the left side to restrict scapular elevation and permit scapular upward rotation.
3) Upper trapezius stretching
The child sat upright on a chair and looked straight ahead. To reduce scapular elevation and upward rotation, 
5) Scapular posterior tilt exercise
The child was placed in the prone position, with the humerus diagonally overhead, shoulder abduction of 130-145°, and her forearm in a neutral position. 25 The child was then asked to place her right hand under her forehead and lay slightly on the forehead with the dorsum of her hand.
While she lifted her left arm, with her elbow extended until her tragus, her parent restricted scapular elevation by pushing the superior angle of the scapula.
RESULTS
To determine the effects of the exercise program on the patient, the minimal detectable change (MDC) was calculated for scapular upward rotation and scapular elevation height during 80° shoulder abduction and for shoulder abductor strength, with and without restricted scapular elevation. 26 The MDC was calculated using the standard error of measurement (SEM), which indicated the accuracy of the measurement. It was computed using the following equation: SEM = SD (1 − ), where SD and ICC are the standard deviation and intraclass correlation coefficient, respectively. 26 The formula to obtain MDC at the 95% confidence level (MDC95) was MDC = 1.96 × √2 × .
The pre-and post-program results were compared and deemed significant if they differed by an MDC value or more. 26 The measured values and MDC values for each variable are shown in Table 1, Table 2 and Figure 2 .
DISCUSSION
The main finding in the present case was the detection of an abnormal scapulohumeral rhythm after Sprengel's deformity correction surgery. In addition, the elaborate corrective exercise program in which scapular elevation was controlled significantly decreased scapular elevation by generating an abnormal scapulohumeral rhythm during shoulder abduction. There were significance of declination for scapular elevation after 2, 4 and 6 wk and scapular
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www.jkema.org upward rotation after 4 and 6 wk, confirming that changing values (after-pre value) exceed the MDC values. Furthermore, shoulder abductor strength with restricted scapular elevation significantly increased following the elaborate corrective exercise program finding that changing values (after-pre value) after 4 and 6 wk exceed the MDC value.
Shoulder abduction is a habitual movement in functional activities. 27 As shown in the present case, performing an 
elaborate corrective exercise program after Sprengel's deformity correction surgery could prevent the appearance of a second generation of scapular because of exposure to repetitive habitual shoulder abduction movements. Sahrmann proposed that subjects with upper trapezius pain have excessive scapular elevation during shoulder abduction or flexion to 90° could be a possible reason for pain by overload. 18 The upper trapezius and levator scapulae are scapular elevators. In Woodward surgical procedures, the subcutaneous tissue is undermined to display the vertebral border of the scapula and the orientation of the trapezius muscle fibers. 9 The origin of the trapezius is then detached from the spinous processes. After removing the trapezius muscle sheet from the spinous processes, the omovertebral bone or fibrous bands of levator scapulae attached to the superior border of the scapula is exposed. 9 The omovertebral bone is completely removed from its attachment to the spinous process of the cervical spine and superior angle of the scapula. After removal of the omovertebral bone and the release of the levator scapulae muscles, the scapula is free, and its mobility is similar to that of the opposite normal scapula. 9 The tough fibrous origins of the trapezius and rhomboid muscles are then reattached from the proximal to distal positions. 9 In the process of recovery after surgery, the excised muscle fibers of the levator scapulae and upper trapezius muscle result in decreased elasticity of collagen fibers. This can lead to relative muscle stiffness as compared with that of the other scapular muscles and to an abnormal scapulahumeral rhythm. 24 In the present case, repetitive overhead shoulder movement during swimming could have accelerated scapular elevation and the generation of an abnormal scapulohumeral rhythm. 20 Scapular elevators (i.e., the upper trapezius and levator scapulae) may be overused in repetitive overhead shoulder movements and result in increased muscle tension toward upward and elevation.
Forte et al., suggested that the scapular upward rotation angle was 18.2-23.5° during 80° shoulder abduction in healthy individuals. 28 In the present case, the scapular upward rotation angle was 27.49° during 80° shoulder abduction. After the 4-and 6-wk elaborate corrective exercise program, scapular elevation and upward rotation decreased significantly, respectively, as compared with the baseline values. There are several possible explanations for the decrease in scapular elevation and upward rotation.
First, upper trapezius and levator scapulae stretching included in the elaborate corrective exercise program could have decreased muscle tension toward upward. Excessive upper trapezius and levator scapulae contraction can cause scapular elevation and upward rotation. 18, 29 Second, biofeedback of scapular elevation during the elaborate corrective exercise program by confirming her parents could have affected motor control during scapular motion and shoulder abduction. Third, the scapular protraction and posterior tilt exercise could have activated scapular stabilizers (i.e., serratus anterior and lower trapezius muscles). 24 The main muscles thought to facilitate scapular posterior tilt are the lower trapezius and serratus anterior. 30 Janda described muscle imbalances as impaired relation-ships between muscles (upper trapezius and levator scapulae) prone to tightness that lose extensibility and muscles (lower trapezius and serratus anterior) prone to inhibition and weakness. 31 Thus, serratus anterior and lower trapezius strengthening could affect muscle imbalance. In the present case, shoulder abductor strength with restricted scapular elevation was significantly increased after the 4-and 6-wk elaborate corrective exercise program. The cross-body stretching included in the elaborate corrective exercise program could have increased the flexibility of the glenohumeral joint by stretching the posterior deltoid muscle and posterior joint capsules. 22 Due to the limited glenohumeral joint motion, scapulothoracic joint movements were more dominant than glenohumeral joint movements. 18 Examples of scapular compensatory motions are excessive elevation instead of glenohumeral joint flexion or abduction. By causing abnormalities in coordinated scapular rotation, changes in dominance among the scapular rotators could alter the muscle balance of the scapula. 32 Thus, recruitment of the shoulder abductors could increase without scapular elevation and upward rotation because of increased glenohumeral joint flexibility.
The present study had several limitations. The effectiveness of an exercise may be reduced if it is conducted with insufficient voluntary contraction. This was a possibility in the current study because the exercise program incorporated isometric contraction with voluntary contraction as resistance.
CONCLUSION
This study confirmed the presence of an abnormal scapulohumeral rhythm during shoulder abduction in an 8-y-old child after Sprengel's deformity corrective surgery and investigated the effect of a 6-wk elaborate corrective exercise program to restrict and confirm the movement of scapular elevation. Generally, after Sprengel's deformity corrective surgery, a 4-wk period is required to maintain fixation of the shoulder, and then passive and active shoulder abduction exercises are performed. Due to the relative stiffness caused by the abnormal scapulohumeral
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www.jkema.org rhythm generated after Sprengel's deformity corrective surgery, an elaborate corrective exercise program is required postsurgery to be able to control and regulate scapular elevation during shoulder abduction. Further studies on the scapulohumeral rhythm during shoulder abduction in various humeral elevation angles are required in patients following Sprengel's deformity corrective surgery.
Key Points
Question What type of rehabilitation exercise is required after Sprengel's deformity correction surgery?
Findings After Sprengel's deformity correction surgery, scapular elevation can recur because of an abnormal scapulahumeral rhythm.
During shoulder abduction, excessive scapular elevation and upward rotation decreased following an elaborate corrective exercise program.
Meaning After Sprengel's deformity correction surgery, elaborate corrective exercise should be applied to educate normal scapulohumeral rhythm and to prevent recurrence.
